The present study investigates awareness and attitudes towards nanotechnology among teachers and students from the Arab sector in Israel. The research was based on distributing a questionnaire and a semi-structured interview. The results revealed that both the teachers and students have a basic knowledge of nanotechnology. Moreover, different variables including gender, grade, years of experience, and level of education, have revealed no effect, considering the fact that nanotechnology is not introduced as a subject in teaching curriculum in schools.
Introduction
Nanoscience is an interdisciplinary field that deals with materials, structures, and devices at the nanoscale. The origin of the word Nano is Greek and means dwarf. Mathematically, 1nanometer is equal to 10 −9 m. At this scale, properties of materials change dramatically from the familiar macroscale ones. Nanotechnology means putting to use the unique physical properties of atoms, molecules, and structures measuring roughly 1 -1000 nm that has applications in the real life (Bhushan, 2010) . The advancement of nanoscience and nanotechnology are leading to a technological revolution in human life; these advances have had a significant qualitative impact on science (Wacker, 2014) . Nanotechnology is a rapidly evolving science of understanding and controlling matter that is having profound implications on many different fields due to its interdisciplinary cha-racter and by offering new opportunities at the nano dimension. It is bringing about new perspectives on the chemical, environmental, biomedical, electronics, automotive and aerospace industries at the nano-scale that have a unique surface, catalytic and magnetic properties that were once considered impossible (Ekli & Sahin, 2013) .
The importance of nanoscience and nanotechnology, and its positive effect on the technological and medical developments, obligate us to raise the awareness and knowledge about it in order to be in parallel with scientific advancements. We believe that schools are the first starting point. That means, creating future generation with sufficient scientific awareness and parallel to the leading scientific developments. In 1852 John Dewey stated "If we teach today's students as we taught yesterday's, we rob our children of tomorrow."
However, it is well known that often teachers teach as they were taught. As Putnam & Borko (2000) explained: "How a person learns a particular set of knowledge and skills, and the situation in which a person learns, become a
fundamental part of what is learned." (Putnam & Borko, 2000) . To achieve this goal, it is desired to examine as the first step the awareness, knowledge, and attitudes towards nanosciense and nanotechnology among teachers and students. In this article we focused on the Arab sector in Israel which represents about 20% of Israel's population. (Ekli & Sahin, 2010) . Nanotechnology education is proposed by a large number of universities around the world in Bachelor, Master, and Ph.D. studies. Generally, it involves a multidisciplinary natural science education with courses in nanotechnology, physics, chemistry, math and molecular biology (Joachim, 2004) .
According to Roco (2003) , a key challenge for nanotechnology development is the education and training of a new generation of skilled workers. Such education and training must be introduced at all levels, from kindergarten to continuing education, from scientists to nontechnical audiences that may decide the use of technology and its funding. It is estimated that about 2 million nanotechnology workers were needed worldwide by 2015 (Roco & Bainbridge, 2005 (Farshchi, Sadrnezhaad, Nejad, Mahmoodi, & Abadi, 2011) . A study performed by Ho and others (Ho, Scheufele, & Corley, 2011) suggested that the more people know about nanotechnology, the more likely to hold positive attitudes towards it.
Waldron and others (Waldron, Spencer, & Batt, 2006) have also found limited understanding of nanotechnology, as 60% of their research participants between the age of 15 -59 were only familiar with the term "nano" and associated it with something small. Children under the age of 14 and those adults 60 and over were the least familiar with nanotechnology.
A study conducted by Elmarzokiand others (Elmarzugi et al., 2014) 
Research Questions and Hypothesis
The present study, examine the awareness and attitudes of teachers and students from the Arab communities in Israel towards nanotechnology.
The following research questions were addressed: 1) What is teachers' awareness towards Nanotechnology?
2) What is students' awareness towards Nanotechnology?
3) What are the attitudes of the teachers toward Nanotechnology? 4) What are the attitudes of the students toward Nanotechnology?
Research questions were arises owing the fact that Israeli teaching curriculum in schools does not include the basic concepts of nanoscience and nanotechnology (Hofstein, Shore, & Kipnis, 2004) . This fact has motivated us to examine the extent of knowledge of teachers and students towards one of the bright scientific topics of the present age. Do participants have a high education outside the curriculum? Alternatively, are they limited to the curriculum subjects? 
Research Method
The participants of this research were randomly selected teachers and students from the Arab sector in Israel. They represent about 20% of Israel's population. Secondary schools belong to the education system, however, managed by the municipality. In 11 -12 classes, students have to choose a profession specialization.
The education system in Israel is based on democratic and western values, which encourage open discussion and opinion.
The total number of participants consists of 120 students from 10 th , 11 th , and 12 th grades selected randomly from five local high schools in East Jerusalem, and 70 science teachers. The teachers were distributed as follows: 40 males, and 30 females, whereas students consist of 65 males, and 55 females. 
Research Variables

Data Analysis
The participants were asked to answer a questionnaire that solicits the knowledge and attitudes of nanotechnology. It was adapted from Norwegian Relevance of Science Education Project (ROSE) questionnaire (Sjøberg & Schreiner, 2010) ; Concepts of science and technology were replaced by nanotechnology and nanoscience. The questionnaire had three parts. The first part is about the demographic data of the participants. The second part consists of three open questions pertained to awareness and knowledge about nanotechnology, and it is relative to our everyday life. The third part concerns to participant's attitudes toward nanotechnology, this part was based on a five point Likert-types scale (Likert, 1932) scoring as 5 = strongly agree to 1 = strongly disagree. The participants were asked to answer 14 questions concerning different aspects related to nanotechnology. The questionnaire was validated and its reliability was in accordance with generally accepted academic standards. The questionnaire was translated into Arabic to fit the study sample. In addition to the questionnaire, semi-structured interviews were conducted (the qualitative part of the study) with randomly selected teachers and students.
Results
The results were analyzed using SPSS statistical analysis software. ANOVA analysis was used to identify differences between variables, and to determine whether our hypothesis was confirmed.
Demographic Data of the Participants (Teachers, and Students)
Based on the data from the questionnaire, demographic data of the teachers and students are summarized in Table 1 and Table 2 respectively.
According to Table 1 and Table 2 , the high percentage of the students are studying in governmental schools. Moreover, most of the teachers have B.A or B.A + Diploma (42.9 + 22.9 = 65.8%) and 61.4% have less than 5 years of experience.
Teachers' and Students' Awareness and Knowledge toward Nanotechnology
In order to determine participants' awareness and knowledge about nanotech- Based on the answers of both teachers and students, we divided it into different categories as shown in Figure 1 and Figure 2 respectively. Figure 1 and Figure 2 show that the majority of the students and teachers do aware that nanotechnology deals with small things, a frequency of 50 for teachers, and 71 for students. Moreover, a high frequency also mention its importance in medical and technological applications. Whereas, the lowest frequency is detected for teachers and students who have no idea about nanotechnology.
Question 2: Describe examples of Nanotechnology used in everyday life?
The answers of teachers, and students regarding the second question were summarized in Figure 3 and Figure 4 respectively. According to Figure 3 and Figure 4 the answers of both teachers and students are encouraging. The majority of them aware about importance of nanotechnology for medical and technological applications, whereas, a lower frequency detected related to no answer, or don't know.
Question 3: What sort of jobs or tasks do you think nonscientists would do when they are working?
The response of teachers and students are summarized in Table 3 and Table 4 respectively. The answers are very general; they lack a specification of working field. Relating the teachers' answers, a frequency of 52 did not refer to any specified job, and a frequency of 37 refers to general answer of "solving problems and 
Attitudes of Teachers and Students toward Nanotechnology
As mentioned before, participants' attitudes were based on a five point Likert-types scale. A t-test and ANOVA were used to identify differences between variables and to determine whether the research hypothesis were confirmed.
Percentages (%), arithmetic means, and std. deviation (s) were calculated. Table   5 and Table 6 , present the results for teachers and students respectively.
The results show a similarity between teachers' and students' attitudes toward nanotechnology. Their knowledge is considered as "medium" with n = 70, 55.6%, x = 2.78 for teachers, and n = 120, 51.0%, x = 2.55 for students.
Responses with Respect to Gender
According to Table 7 and Table 8 Table 9 and Table 10 ).
Responses with Respect to Years of Experience, and Educational Level for Teachers
According to the number of years of experience, the teachers were divided to 3 groups: an experience less than 5 years, 5 -10 years of experience, and more than 10 years, as shown in Table 11 . With approximate values of arithmetic means for the three categorized groups, there is no significant effect of years of experience toward the teachers' attitudes toward nanotechnology. ANOVA test (Table 12) (Table 13 and Table 14 ).
Responses with Respect to Grade Variable for Students
The high-school students participated in this research, were from different 1149 Creative Education means, and according to ANOVA test (p = 142 > 0.05), the variable "grade" has no effect on the students' attitudes toward nanotechnology (Table 15 and Table   16 ).
Interviews Held with Teachers and Students
In addition to the quantitative data assembled via the questionnaires, a semi-structured questionnaire interview was conducted for randomly selected teachers and students. The questions and answers are presented in Table 17 .
According to the participants' answers in this interview, both teachers and students lack enough information about the field of nanotechnology. -I do not know anything about Nanotechnology. -I heard slightly of Nanotechnology but I did not understand much. -I just know little about Nanotechnology. -I read about it in some websites without investigating more about it.
-It is the first time I hear of this topic. -We heard a lot about technology and its development, but we never paid any attention to this topic. -I study science a lot but teachers never mentioned this topic.
Which applications do you know about Nanotechnology?
-I do not know about Nanotechnology other than the development of medical industry. -Nanotechnology is used much in medicine. -Nanotechnology has many fields especially in the development of different industries.
-I do not know much about the fields that Nanotechnology has developed. -I just know that Nanotechnology has improved in medicine. -My information is very slight about the scientific applications of Nanotechnology. It incorporates in many fields but I do not exactly know what these fields are.
Nanotechnology deals with--------?
-improvements in medicine -medicine -heard about Husam Hayek who deals with artificial nose -We do not know many Nonscientists because they are not famous these days. -I have never heard about this field.
-I did not understand Nanotechnology in order to know its research.
Discussion
The Arab sector in Israel represents 20% of Israel' population and considered as a minority in the country. Israel culture views higher education as the key to higher mobility and socioeconomic status in Israeli society. The emphasis of education within Israeli society has its modern roots, and Israel is considered as scientifically developed country. Despite this fact, nanoscience and nanotechnology which is considered as one of the key emerging interdisciplinary areas of the 21 st century, is not included in the teaching curriculum in schools (Hofstein et al., 2004) . This article investigated the situation of the Arab minority in Israel, what information teachers and students are aware of about nanoscience and nanotechnology, and what are their attitudes toward it?
Our findings indicate that both teachers and students have basic or no enough knowledge about nanotechnology that confirm the research hypothesis. Nobody refer to the nano-meter scale specifically. Investigating the attitudes of teachers and students toward nanotechnology, their responses were at a low level and showed very superficial knowledge, which is not consistent with our hypothesis.
Moreover, none of the variables examined, years of experience and level of education for teachers, grade for students, and school type, gender for both teachers and students has significant effect on the attitudes toward nanotechnology. Despite the fact that we expected that teachers with higher education levels, and more years of experience could show more expertise and acquire more developed topics. Taking into consideration that they undergo more training courses during the years. Other findings in the literature are consistent with our results.
Toqeer and others (Toqeer et al., 2015) have found that the majority of respondents had heard about nanotechnology but only 47% had read about it, and a slightly lower percentage (44.4%) had awareness of the applications of it. According to Ekli & Sahin (2013) , students from Turkish middle schools, have some awareness of nanotechnology and most students have positive opinions about it. A study conducted by Tanya Sheetz (2005) showed that only 17% of the respondents were able to identify what nanotechnology is, while men do have a high percentage vs. females that is inconsistent with our results. A research work was conducted in Germany (Fredric et al., 2010) in order to examine public attitudes and awareness toward nanotechnology revealed that the majority of the participants are not familiar with nanotechnology. According to Saji (George et al., 2014 ) public perceptions of nanotechnology in Singapore where technological innovation is an established part of the country economy, about 80% of respondents have "some" understanding of nanotechnology, 60% report having heard some negative information and 39% perceive nanotechnology as beneficial. Ekli and Sahin (2010) founded that science, technology teachers in Turkey have "moderate" information about nanotechnology that learned mostly from the things around, and their knowledge base was found to be inadequate, while the participants have positive attitudes toward nanotechnology. Our results also agree with Elmarzugi and others (Elmarzugi et al., 2014) 
Conclusion
Nanotechnology and its importance have been recognized worldwide. It considered as one of the key emerging interdisciplinary areas of the 21 st century. Despite this fact, several studies show a low awareness and attitudes toward nanotechnology among public, teachers, and students. This study investigated awareness and attitude toward nanotechnology among science teachers and secondary school students from the Arab sector in Israel. The results founded low awareness and positive attitudes. It is very important to mention that teaching curriculum in Israel does not include the concept of nanotechnology, which proves the "poor" knowledge of teachers and students. In light of the results of this study, we recommend that: 1) Science Teachers and students in the Arab sector in Israel should be made aware of Nanotechnology. 2) Training Courses, Workshops, should be held for science teachers in the Arab sector in order to raise their awareness and knowledge about nanotechnology. 3) Incorporating the subject of nanotechnology to teaching curriculum in schools.
